Internal fixation of complex fractures of the tarsal navicular with locking plates. A report of 10 cases  by Cronier, P. et al.
Orthopaedics & Traumatology: Surgery & Research (2013) 99S, S241—S249
Available  online  at
www.sciencedirect.com
WORKSHOPS OF THE SOO (2012, NANTES). ORIGINAL ARTICLE
Internal  ﬁxation  of  complex  fractures  of  the  tarsal
navicular  with  locking  plates.  A  report  of  10  cases
P.  Croniera,b,∗,  J.-M.  Frina,b,  V.  Steigera,b,  N.  Bigorrea,b,  A.  Talhaa,b
a LUNAM  Université,  CHU,  Angers,  France
b CHU,  Département  de  Chirurgie  Osseuse,  49933  Angers  Cedex  9,  France
KEYWORDS
Fracture;
Navicular  bone  of  the
foot;
Internal  ﬁxator;
CT  scan
Summary
Introduction:  Tarsal  navicular  fractures  are  rare  and  treatment  of  comminuted  fractures  is
especially  difﬁcult.  Since  2007,  the  authors  have  had  access  to  3D  reconstruction  from  CT
scan images  and  speciﬁc  locking  plates,  and  they  decided  to  evaluate  whether  these  elements
improved  management  of  these  severe  cases.
Materials  and  methods:  Between  2007  and  2011,  10  comminuted  tarsal  navicular  fractures  were
treated in  a  prospective  study.  All  of  the  fractures  were  evaluated  by  3D  reconstruction  from  CT
scan images,  with  suppression  of  the  posterior  tarsal  bones.  The  surgical  approach  was  chosen
according to  the  type  of  lesion.  Reduction  was  achieved  with  a  mini-distractor  when  necessary,
and stabilized  by  AO  locking  plate  ﬁxation  (SynthesTM).  Patient  follow-up  included  a  clini-
cal and  radiological  evaluation  (Maryland  Foot  score,  AOFAS  score).  Eight  patients  underwent
postoperative  CT  scan.
Results:  All  patients  were  followed  up  after  a  mean  20.5  months.  Union  was  obtained  in  all
patients and  arthrodesis  was  not  necessary  in  any  of  them.  The  mean  Maryland  Foot  score  was
92.8/100,  and  the  AOFAS  score  90.6/100.  One  patient  with  an  associated  comminuted  calcaneal
fracture had  minimal  sequella  from  a  compartment  syndrome  of  the  foot.
Discussion:  The  authors  did  not  ﬁnd  any  series  in  the  literature  that  reported  evaluating  tarsal
navicular fractures  by  3D  reconstruction  from  CT  scan  images.  The  images  obtained  after  sup-
pression of  the  posterior  tarsal  bones  systematically  showed  a  lateral  plantar  fragment  attached
to the  plantar  calcaneonavicular  ligament,  which  is  essential  for  stability,  and  which  helped
determine  the  reduction  technique.  Locking  plate  ﬁxation  of  these  fractures  has  never  been
reported.
Conclusion:  Comminuted  fractures  of  the  tarsal  navicular  were  successfully  treated  with  spe-
ciﬁc imaging  techniques  in  particular  3D  reconstructions  of  CT  scan  images  to  choose  the  surgical
n  tecapproach  and  the  reductio
satisfactory  solution  for  the  trea
Level of  evidence:  Level  IV.
© 2013  Elsevier  Masson  SAS.  All  
∗ Corresponding author. Tel.: +33 02 41 35 52 93.
E-mail address: pacronier@chu-angers.fr (P. Cronier).
1877-0568/$ – see front matter © 2013 Elsevier Masson SAS. All rights re
http://dx.doi.org/10.1016/j.otsr.2013.03.001hnique.  Locking  plate  ﬁxation  of  the  navicular  seems  to  be  a
tment  of  these  particularly  difﬁcult  fractures.
rights  reserved.
served.
S P.  Cronier  et  al.
I
N
h
t
t
i
b
o
o
a
o
[
o
[
i
t
u
p
i
n
M
B
o
i
f
t
t
m
a
a
s
I
o
o
t
r
t
t
t
a
u
t
p
o
t
p
d
s
s
t
m
m
t
E
Figure  1  Sagittal  CT  scan  with  a  CT  soft-tissue  window
of a  dislocated  fracture  of  the  tarsal  navicular.  The  surgical
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ntroduction
avicular  bone  fractures  of  the  foot  are  rare  [1],  but  can
ave  serious  consequences  because  of  the  essential  role  of
he  talonavicular  joint.  This  joint  is  associated  with  sub-
alar  articulation  to  form  the  acetabulum  pedis  [2],  which
nﬂuences  mobility  of  the  entire  foot.  The  ‘‘calcaneo-pedis
lock’’  [3]  pivots  on  the  talar  head  at  the  acetabulum  pedis
r  the  coxa  pedis.  The  talonavicular  joint  is  the  most  mobile
f  all  the  joints  in  the  mid-foot  [4].
Comminuted  fractures  are  particularly  difﬁcult  to  treat
nd  if  internal  ﬁxation  is  impossible,  certain  authors  rec-
mmend  arthrodesis  as  the  ﬁrst  or  second  line  of  treatment
1,5].  Partial  avascular  necrosis  alone  or  associated  with  sec-
ndary  collapse  is  frequent  after  a  tarsal  navicular  fracture
1,5].  Since  2007,  we  have  been  performing  3D  reconstruct-
ons  from  CT  scan  images  and  have  access  to  locking  plates
hat  are  speciﬁcally  for  navicular  fractures1.  This  study  eval-
ated  whether  3D  reconstructions  could  be  used  for  surgical
lanning  to  obtain  optimal  reduction  and  if  the  use  of  lock-
ng  plates  resulted  in  stable  ﬁxation  and  reduced  the  risk  of
ecrosis.
aterials and methods
etween  2007  and  2011,  we  performed  a  prospective  study
f  10  comminuted  tarsal  navicular  fractures  treated  by  lock-
ng  plate  in  10  men,  mean  age  29  years  old  (Table  1).  All
ractures  were  evaluated  by  preoperative  3D  reconstruc-
ion  of  CT  scan  images,  with  suppression  of  the  posterior
arsal  bones  to  clearly  visualize  each  of  the  different  frag-
ents  of  the  fracture.  Patients  then  underwent  surgery  by
n  approach  that  was  adapted  to  their  type  of  lesion.  The
rticular  capsule  was  opened  on  the  side  of  the  talus  to  pre-
erve  navicular  vascularization  as  much  as  possible  (Fig.  1).
n  six  cases,  reduction  was  obtained  (Fig.  2)  with  the  help
f  a  mini-distractor  between  the  head  of  the  talus  and  one
f  the  cuneiform  bones  (medial:  three  times,  intermediate:
wice  and  lateral,  once).  After  disimpaction  and  tempo-
ary  stabilization  of  the  intermediate  fragments  with  pins
hat  were  placed  under  visual  control,  ﬁnal  reduction  of
he  reconstructed  articular  block  against  the  lateral  plan-
ar  fragment  was  obtained  by  releasing  traction  and  using
 pointed  reduction  forceps,  with  the  plantar  point  slipped
nder  the  navicular  above  the  ﬂexor  tendons  (Fig.  3)  and
he  dorsal  point  either  in  a  dorsomedial  or  a  dorsolateral
osition  depending  on  the  type  of  fracture.  Reduction  was
btained  under  ﬂuoroscopic  control.  Stable  ﬁxation  was
hen  obtained  with  a  locking  plate  (Fig.  4).  The  plate  was
laced  in  a  dorsal,  laterodorsal  or  mediodorsal  position
epending  on  the  type  of  fracture.  It  was  slipped  under  the
oft  tissues,  without  releasing  the  dorsal  periosteum  to  pre-
erve  vascularization  as  much  as  possible.  The  screws  on
hese  plates  are  perpendicular  to  the  plate  but  the  plate
ust  be  formed  and  cut  to  the  necessary  length.  The  plate
ust  be  curved  so  that  the  angle  of  the  screws  is  correct.
1 Navicular locking plate SynthesTM, Synthes-France, DepuySyn-
hes, Johnson&Johnson Company, 1078, avenue Oehmichen, 25460
tupes, France.
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Cpproach  (arrow)  is  achieved  by  opening  the  articular  capsule  on
he side  of  the  talus  to  preserve  vascularization  of  the  navicular
one.
he  screws  that  were  closest  to  the  talonavicular  joint  were
irected  at  a  slightly  forward  angle  so  they  do  not  pene-
rate  the  extremely  concave  surface  of  the  joint  (Fig.  5).
he  most  distal  screws,  on  the  other  hand,  are  directed  at  a
light  angle  towards  the  back  and  screwed  into  the  plantar
ragments  near  the  articular  surface.
In  one  case  with  fracture-dislocation  and  signif-
cant  plantar  comminution,  the  most  medial  screws
ere  directed  towards  the  cuboid  and  screwed  sev-
ral  millimeters  into  the  bone  to  obtain  sufﬁcient
tability.  No  additional  talonavicular  pinning  was  per-
ormed.  A  postoperative  CT  scan  was  obtained  in  8/10
ases.
All  patients  were  immobilized  in  a  splint  then  a  plaster
ast.  Progressive  weight-bearing  was  allowed  after  6  weeks
xcept  in  one  case  (2  months)  due  to  associated  lesions.
The  patients  underwent  a  clinical  (Maryland  Foot  score
6],  AOFAS  midfoot  score  [7]) and  radiological  evaluation  at
he  ﬁnal  follow-up.
esults
D  reconstruction  from  CT  scan  images  with  suppres-
ion  of  the  talus  and  the  calcaneus  (Fig.  6) showed  a
ore  or  less  voluminous  lateral  plantar  segment,  which
as  still  attached  in  all  cases,  even  in  dislocation-
ractures  (6  cases).  This  fragment  included  a  more  or  less
arked  bone  spur  corresponding  to  Sarraﬁan’s  navicular
‘beak’’  [2]. The  location  of  the  comminution  deter-
ined  the  surgical  approach,  which  was  associated  in
ertain  cases  with  a  second  surgical  approach.  The  sur-
ical  approaches  were  adapted  to  the  type  of  lesion:
orsomedial,  in  three  cases,  dorsal  in  two  cases  and  both
edial  and  dorsolateral  in  ﬁve  cases.  There  were  no  bone
rafts.Reduction  was  considered  to  be  anatomic  on  stan-
ard  X-rays  in  two  patients  who  did  not  undergo
 CT  scan.  In  the  eight  patients  who  underwent
T  scan,  reduction  was  anatomic  in  four  cases,  and
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Table  1  Data  summary.
No.  Age  Mechanism  Follow-up
(months)
Sangeorzan  Associated
lesions
Approach  Hardware
failure
Plate
removal
Talonavicular
arthrosis
Necrosis  Maryland
Foot  score
AOFAS
1  49  MCAa 25  Type  3 Talus Single  No  No  No  Partial 93  95
2 20  Crush  49  Type  3 No  Single  No  No  No  No  100  100
3 17  MCAa 33  Type  3 Calcaneus  Single  Brokenscrew  Yes Yes No  90  87
4 25  MCAa 6  Type  3  Calcaneus,
talus
Single  No  No  No  No  95  90
5 30  MCAa 21  Type  3  No  Single  No  No  No  No  95  90
6 37  MCAa 20  Type  3 No  Two  incisions No  No  No  No  82  87
7 21  Fall  17  Type  3 Talus,  pilon,
Lisfranc
Two  incisions No  No  No  No  89  87
8 24  MCAa 12  Type  2 Lisfranc  Two  incisions No  No  No  No  95  90
9 53  Bike  12  Type  3 No  Two  incisions No  No  No  No  94  90
10 34  Bike  10  Type  2 Cuboid  Two  incisions No  No  No  No  95  90
Average 31 20.5  92.8  90.6
Range 20—53 6—49 82—100 87—100
a MCA: motor cycle accident.
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F w;  b:  distraction  for  visually  controlled  reduction  of  impaction;  c:
ﬁ ntar  pointed  reduction  forceps.
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Figure  3  3D  reconstruction  of  CT  scan  images  with  par-
tial visualization  of  the  tendons.  The  image  of  a  dorsoplantar
pointed  reduction  forceps  is  superimposed  on  this  image.  There
is no  risk  of  nerve  or  vascular  tissue  damage  if  the  forceps
remains  in  contact  with  the  bone  above  the  ﬂexor  tendons.igure  2  Different  key  steps  of  internal  ﬁxation:  a:  initial  vie
nal reduction  ensured  by  a  ﬂuroscopically  controlled  dorsopla
early  anatomic  (1—2  mm  step  on  an  intermediate
ragment  of  less  than  7  mm)  in  four  cases.  There
ere  no  postoperative  infections  or  vascular  or  nerve
omplications.
A  dorsal  fasciotomy  was  necessary  in  one  patient
ith  a  compartment  syndrome  of  the  foot  following
 complex  hindfoot  trauma.  All  patients  had  a  mean
ollow-up  of  20.5  months  (6—49).  There  was  no  secondary
isplacement.  Evaluation  of  X-rays  only  showed  one  bro-
en  screw  in  the  entire  series.  Union  was  obtained  in
ll  fractures,  and  no  secondary  arthrodesis  was  neces-
ary.  Nine  patients  were  able  to  return  to  work  after
 mean  4.5  months  (3—6)  (one  patient  was  not  work-
ng  before  surgery).  The  mean  Maryland  Foot  score  was
2.8/100  (82—100),  and  the  AOFAS  score  was  90.6/100
87—100).
The  patient  with  the  most  medial  screws,  that  were
nserted  into  the  cuboid  bone  (case  No.  5  in  Table  1),
resented  with  a  Maryland  Foot  score  of  95/100  and
n  AOFAS  score  of  90/100.  Talo-calcaneo-navicular  (TCN)
oint  mobility  was  normal  and  symmetric  with  that  of  the
ealthy  side.  None  of  the  patients  presented  with  sec-
ndary  bone  collapse  due  to  avascular  necrosis  but  one
atient  presented  with  increased  bone  density  of  the  lateral
avicular,  which  probably  corresponded  to  partial  necro-
is.  There  was  slight  dorsal  osteophytosis  but  the  joint
as  completely  painless  and  TCN  joint  mobility  was  abso-
utely  symmetric.  One  patient  with  a  complex  hindfoot
rauma  including  a  complex  calcaneal  fracture  associated
ith  and  complicated  by  a  compartment  syndrome  of
he  foot,  presented  with  a  slightly  irregular  joint  space,
ithout  narrowing  of  the  joint  space  but  with  an  osteo-
hytic  reaction.  It  was  well  aligned,  painless,  but  very
tiff. Figure  4  SynthesTM navicular  locking  plate.
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tFigure  5  Postoperative  sagittal  CT  scan.  The  proximal  screw
screws are  aimed  backwards  to  penetrate  the  plantar  fragment
Discussion
Analysis  of  3D  reconstructions  from  CT  scan  images  was
essential  in  treating  this  series  of  navicular  fractures.  The
usual  simple  CT  scan  views  on  three  planes  already  provide
more  information  than  standard  X-rays,  however,  because
of  the  concave  joint  facet  and  because  of  the  displace-
ment,  it  was  difﬁcult  to  obtain  all  the  necessary  elements
on  the  same  image.  With  3D  reconstruction  and  suppres-
sion  of  the  talus  and  the  calcaneus,  we  were  able  to  clearly
visualize  the  lateral  plantar  fragment  (Fig.  6)  in  all  cases,
including  the  navicular  beak  which  was  still  intact,  even  in
fracture-dislocations.  This  can  be  explained  by  the  insertion
of  a  bundle  of  the  inferior  plantar  calcaneonavicular  liga-
ment  at  this  level.  Dissection  clearly  shows  this  ascending
bundle  (Fig.  7)  stretching  between  the  calcaneal  tuberos-
ity  and  the  navicular  beak.  To  our  knowledge,  this  bundle
has  never  been  described  in  the  literature.  It  is  not  men-
tioned  in  the  highly  detailed  article  of  A.  Taniguchi  et  al.
[8].  Implicitly,  until  now  the  plantar  calcaneonavicular  lig-
ament  or  the  spring  ligament  has  only  been  studied  for  its
role  as  a  stabilizer  of  the  head  of  the  talus  in  the  acetabulum
pedis  and  therefore  in  local  dissections  of  the  acetabulum
pedis.  To  our  knowledge,  its  role  as  a  stabilizer  has  never
been  suggested  in  traumatic  cases.  Nevertheless,  we  feel
that  it  is  an  element  that  must  be  taken  into  considera-
tion,  especially  in  fracture-dislocations.  By  systematically
attempting  to  insert  one  or  more  screws  into  this  frag-
ment,  there  was  no  secondary  displacement  in  any  of  the
cases  in  this  series.  We  obtained  satisfactory  stability  in
all  cases  even  in  fractures-dislocations.  In  one  case,  it  was
felt  that  medial  screws  should  be  inserted  into  the  cuboid
bone,  because  the  lateral  plantar  fragment  was  signiﬁcantly
fragmented.Talonavicular  pins,  which  are  sometimes  recommended
in  unstable  lesions  [1],  were  never  necessary.  Thus,  when
the  screws  are  correctly  positioned,  locking  plates  pro-
vide  stable  ﬁxation.  When  the  fragment  is  large  and
f
b
t
ce  aimed  forward  to  prevent  penetrating  the  joint.  The  distal
eparated  by  a  fracture  line  that  is  above  the  cuboid  dor-
ally,  reduction  can  be  easily  obtained  by  a  dorsal  pointed
eduction  forceps.  When  it  is  small,  we  found  that  a  dor-
oplantar  pointed  reduction  forceps  could  be  used  with
 medial  incision.  The  plantar  point  was  slipped  under
he  posterior  tibial  tendon  above  the  ﬂexor  digitorum
ongus  and  the  ﬂexor  hallucis  longus  tendons  to  the  nav-
cular  beak  thus  at  a  distance  from  any  nerves  or  arteries
Fig.  3).
We  therefore  used  one  or  two  of  the  three  different  sur-
ical  approaches  (Fig.  8).
If the  lateral  plantar  fragment  was  large,  a  dor-
al  approach  could  be  used,  centered  on  the  area
f  comminution.  If  it  was  small,  a  medial  approach
as  necessary  to  be  able  to  use  a  dorsoplantar-
ointed  reduction  forceps.  If  there  was  an  associ-
ted  dorsolateral  fragment,  a dorsolateral  approach  had
o  be  associated  for  direct  visual  control  of  reduc-
ion.
This  study  only  includes  a  small  number  of  cases,
ut  navicular  fractures  are  rare  [1].  We  only  included
omminuted  fractures  in  this  study  because  simple  frac-
ures  were  treated  by  screws  and/or  tension  band  wiring.
lthough  the  follow-up  was  not  very  long  (20.5  months),
he  most  recent  study  in  the  literature  [9]  reported  a
ollow-up  of  16  months  (2—72).  One  of  our  patients  who
nly  had  6  months  of  follow-up  was  socially  marginal  and
id  not  come  to  later  consultations.  The  patient  had  pain
uring  ‘‘changes  in  the  weather’’,  could  walk  normally,
ith  a  TCN  joint  mobility  of  2/3  and  could  perform  a
ne-leg  hop.  The  talonavicular  joint  was  normal  on  X-
ay.
Before  the  study  by  Sangeorzan  et  al.  [1]  (1989)  repor-
ing  20  cases  of  internal  ﬁxation  by  screws  and  pins,  only
our  other  cases  of  internal  ﬁxation  of  the  navicular  had
een  reported.  Recently,  techniques  including  supplemen-
ary  wires  [10]  temporary  bridging  by  plate  on  the  medial
olumn  [11]  or  external  ﬁxation  [12]  have  been  published
S246  P.  Cronier  et  al.
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aigure  6  Six  examples  of  comminuted  navicular  fractures  w
osterior tarsus.  The  systematic  presence  of  a  non-displaced  la
s  case  reports.  The  only  series  with  internal  plate  ﬁxation
eported  24/30  cases  over  a  6-year  period  [9].  These  were
onventional  plates  for  mini-fragments  (series  2.0  or  2.4,
traight  or  T-plates).  The  series  included  16  comminuted
ractures  (Sangeorzan  type  3)  [1].  Four  of  these  developed
steoarthritis,  including  one  with  necrotic  bone  collapse.
 double  surgical  approach  was  used  in  half  the  cases.
he  authors  stated  that  they  preferred  the  risk  of  addi-
ional  devascularization  to  incomplete  reduction.  We  feel
hat  the  use  of  a  locking  plate  helps  reduce  the  risk  of
ascular  injury  because  the  plate  is  slipped  under  the  soft
issues,  without  periosteal  stripping.  There  was  only  one
ase  of  partial  asymptomatic  necrosis  in  the  present  series.
n  a  prior  series,  and  despite  precautions  taken  to  limit
evascularization,  Sangeorzan  et  al.  [1]  reported  six  cases
t
a
q
p3D  reconstructions  of  CT  scan  images  and  suppression  of  the
 plantar  fragment  in  contact  with  the  cuboid  should  be  noted.
f  avascular  necrosis  out  of  21  cases  of  screw  ﬁxation.
hey  found  an  increase  in  bone  density,  which  was  par-
ial  in  four  cases  and  total  in  two,  including  one  with
steonecrotic  collapse.  A  locking  plate  cannot  be  consid-
red  less  invasive  than  simple  screw  ﬁxation  in  relation  to
one  vascularization.  On  the  other  hand,  we  feel  that  bet-
er  evaluation  of  morphology  by  3D  reconstruction  makes
t  possible  to  use  the  most  effective  procedures  and  pre-
ent  unnecessary  devascularization.  Sangeorzan  et  al.  [1]
id  not  have  CT  scan  images  and  systematically  used  a  simple
nteromedial  approach.  However,  in  a  later  publication  [13],
hey  suggested  adding  an  anterolateral  approach,  if  there
re  problems  visualizing  the  fracture.  We  feel  that  high
uality  reduction  is  essential.  In  our  series,  it  was  always
ossible  to  restore  length  to  the  medial  column  without
Internal  ﬁxation  of  comminuted  fractures  of  the  tarsal  navicular  with  locking  plates  S247
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•Figure  7  Dissection  of  a  hind  foot  with  ablation  of  the  cuboid
inferior bundle  of  the  calcaneonavicular  plantar  ligament  is  cle
secondary  displacement  and  with  no  need  for  an  associated
graft.
The  quality  of  articular  reduction  was  considered  optimal
in  six  cases  and  acceptable  in  four.  We  feel  that  the  quality
of  reduction  is  inﬂuenced  by  several  factors:
•
Figure  8  The  surgical  approach  was  based  on  3D  reconstructed  CT
tion, a  medial  approach  was  necessary  to  control  the  joint  and  to  u
comminution,  a  dorsolateral  approach  was  necessary  to  control  the  j
reduction forceps. cuneiform  bones:  a:  anterior  view;  b:  anterolateral  view.  The
identiﬁed.
 the  quality  of  imaging  making  surgical  planning  possible;
 perioperative  use  of  a mini-distractor  is  especially  useful
for  direct  visual  control  of  reduction  of  the  intermediate
fragments.  We  used  this  in  2/3  cases.  It  is  recommended
by  several  authors  [1,5,9,14];
 scan:  a:  dorsal  approach  alone;  b:  in  case  of  medial  comminu-
se  a  dorsoplantar  reduction  forceps;  c:  in  case  of  dorsolateral
oint  associated  with  a  medial  approach  to  use  the  dorsoplantar
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Figure  9  a:  case  No.  7  in  Table  1:  fracture-dislocation  of  the  navicular  associated  with  a  fracture-dislocation  of  the  Lisfranc  and  a
p e  im
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Rartial fracture  of  the  talus  and  the  pilon.  This  corresponds  to  th
oot score  at  89/100;  AOFAS  Midfoot  score  at  87/100.
 the  use  of  a  pointed  reduction  forceps  in  the  dorsoplan-
tar  position  was  the  determining  factor  for  obtaining  ﬁnal
reduction  in  2/3  cases.  Although  the  use  of  a  pointed
reduction  forceps  has  been  mentioned  in  the  literature
[1,5,9,14],  to  our  knowledge  its  use  in  the  dorsoplantar
position  has  never  been  described.
onclusion
t  is  possible  to  obtain  good  results  in  these  rare  and  difﬁ-
ult  fractures  (Fig.  9).  These  good  results  are  based  on  the
uality  of  reduction  and  stable  ﬁxation.  We  also  feel  that
reoperative  planning  is  essential.  3D  reconstruction  of  CT
can  images  contributes  signiﬁcantly  to  this  planning.  The
urgeon  should  actively  participate  in  obtaining  these  3D
econstructions,  and  request  suppression  of  the  posterior
arsus  or  at  least  the  talus,  which  is  not  routinely  per-
ormed  by  radiologists.  The  use  of  a  mini-distractor  during
urgery  considerably  facilitates  reduction  of  comminuted
rticular  fragments.  Reduction  against  the  lateral  plantar
ragment,  which  is  the  key  to  stability,  can  be  obtained  with
 pointed  reduction  forceps  in  the  dorsoplantar  position.
ocking  plates  provide  optimal  stable  ﬁxation  of  complex
ractures,  while  minimizing  the  risks  of  devascularization.ages  in  Figs.  5  and  8c;  b:  seventeen-month  follow-up:  Maryland
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